Many reports have been published lately on the use of honey bees to disseminate biocontrol agents to flowers, using various kinds of inoculum dispensers. This technique is mainly used to deliver agents for controlling fire blight and gray mold. The present study evaluated the relative efficiency of a newly developed 'Triwaks' dispenser with three other dispenser types, 'Peng', 'Tub', and 'Harwood', with respect to effects of the dispensers on bee activity, and effectiveness for contaminating bees with high levels of inoculum for a long period of time after its application. We found differences in these parameters of performance between dispenser types, with the Triwaks dispenser having the overall best performance. This dispenser could prove to be an effective tool for biocontrol. The evaluation methods that we present could be used for evaluating other dispenser types.
INTRODUCTION
In addition to pollen, honey bees can transfer fungal spores and bacteria among flowers of different plant species (Batra et al ., 1973; Harrison et al ., 1980; Sandhu & Waraich, 1985) . The ability of bees to vector microbes has been harnessed for biological control purposes, by using honey bees and bumblebees to transfer inoculum of fungi, bacteria and viruses from the hive to flowers (Kevan et al ., 2003) . In practice, a dispenser (or insert) is attached to the hive and loaded with a powder formulation of the desired agent. The intent is for foragers exiting the hive to become dusted with the agent and to deliver it to the target crop. The technique has been applied to control fire blight (Erwinia amylovora ) in orchards (Thomson et al ., 1992;  
MATERIALS AND METHODS

Dispensers
The Tub dispenser. This simple one-way dispenser consisted of a 28)/6-cm flexible acetate sheet strip held on either side by wooden cubes, forming a tub that contains the inoculum ( Figure 1A ). This open dispenser fits at the hive entrance, with an acetate sheet forming a 3-cm high wall. Bees that leave the hive pass through the tub and climb over the wall.
The 'Harwood' dispenser. This one-way dispenser, developed by Harwood and described by Antles (1953) , consists of a 25 )/9)/6-cm wooden box, with an internal roof made of a 1)/1 mm wire mesh that is curved towards the floor, forming a 12-mm high slot above the floor of the box. The bees have to crawl through the slot while passing over the powder that is loaded in a trough on the floor ( Figure 1B ). The exit is obstructed by a 3.5-cm high transparent Plexiglass † strip, inserted at a 458 angle, which bees climb over. The upper part of the box was closed by mesh wire.
Since the dispenser is only 25 cm long, when attached to a standard Langstroth hive, gaps are left on either side, which allow bees to exit and enter the hive without passing through the apparatus. This dispenser was originally designed for dispensing small quantities of pollen, and to be loaded frequently. The working hypothesis was that bees leaving the hive would prefer to exit from the center, through the dispenser, and that bees returning to the hive would enter through the side gaps (Legge, 1976) . However, Townsend et al . (1958) noted that when the dispenser is loaded with powder, bees avoid the insert and exit through the side gaps. We therefore blocked the side gaps, so that all bees exiting and entering the hive passed through the dispenser. Each dispenser is shown unattached to the bee hive, and loaded with inoculum (left), and attached to the hive (right).
The Peng dispenser. This two-way dispenser, modeled after Peng et al. (1992) , consisted of a wooden platform 50 cm long and 37 cm wide that fits onto the floor of the hive. A 30)/25-cm Plexiglass † tray was placed on the platform and held the powder to be dispensed. Attached to this tray, at the entrance to the hive, was a 12-cm high Plexiglass † panel ( Figure  1C ). Bees that exit the hive are attracted to the light that passes through this panel, walk through the powder on the Plexiglass † tray, and climb to an exit slot at the top of the panel. Bees returning to the hive enter through a 6-mm slot located just underneath the wooden platform.
The Triwaks dispenser. This two-way dispenser was a modification of an apparatus developed at the B. Triwaks Bee Research Center to monitor bees that exit and enter the hive (Afik, 2001) , using a similar method to that used by Archer (1977) with wasps. It consists of a 25 )/25)/5-cm wooden box, with a 15-cm extended base that fits into the opening of a standard Langstroth hive. The dispenser contains a diagonal partition that divides the box into two triangular compartments. Bees leave the hive through the compartment with its long side inside the hive, and are attracted to the light from the opening. This compartment is divided into three sub-compartments into which the agent is loaded ( Figure 1D ). The partitions prevent biocontrol powder from drifting into the hive or outside. In addition, clear Plexiglass † partitions on the floor and ceiling of the box create a maze that encourage bees to walk through the powder by preventing them from flying through the apparatus. Bees that return to the hive encounter a landing platform along the long end of the second triangular compartment, and thus enter the hive without passing through the biocontrol powder. The short exit opening is situated above the longer entrance opening, thus further discouraging returning bees from entering through the exit.
Experiment 1: the Effect of Empty and Loaded Dispensers on Bee Activity
The purpose of this experiment was to test whether attaching a dispenser, and loading it with powder, affects the number of bees that leave each hive. The study was conducted in July 2001, in Rehovot, Israel. We used four honey bee colonies, each consisting of 10 populated frames, and with similar brood area. Bee traffic was assessed by counting the number of bees that left each hive during three 1-min intervals, between 06:00 and 09:00 h. Ambient temperature ranged between 22 and 268C, and relative humidity ranged between 70 and 91%. Activity was first measured prior to attaching the dispensers, as an index of regular activity level (day 0, 06:00 Á/07:00 h). Then each hive was fitted with one of the four dispenser types, and bee activity was measured the next morning (day 1, 06:00 Á/07:00 h). Any reduction in activity after fitting a dispenser could be attributed to the effect of the (empty) dispenser. Each dispenser was loaded with 8 g of a powder formulation of Trichodex † (Makhteshim, Beer-Sheva, Israel). The active ingredient of this biocontrol agent is the fungus Trichoderma harzianum T 39 (Elad, 2000) . One hour after loading with powder, bee activity was measured again, to assess the effect of the biocontrol agent on bee activity. A final activity count was done 1 day later (day 2), and then the dispensers were removed. For the two-way dispensers, we only counted bees that left through the intended exit. The experiment was repeated after four days, but with a different dispenser on each hive. We repeated this procedure three more times, so that each type of dispenser was used once on each of the four hives.
Experiment 2: Comparing Dispenser Effectiveness
The effectiveness of the four dispensers in contaminating bees with Trichodex † powder was examined in a study conducted during September Á/November, 2001, with 12 honey bee colonies, each consisting of a super with 10 populated frames. We attached two dispensers of each of the four types to a total of eight colonies. Four colonies without dispensers served as controls. The colonies were given 2 days to adapt to the dispensers. On the third day, between 06:00 and 07:00 h, 8 g of Trichodex † powder were added to each dispenser. Over the following 3 days, bees were sampled periodically in order to measure the amount of the preparation (colony-forming units (CFU) of T. harzianum ) deposited on the bees, as described below. The dispensers were removed 1 week after inoculum application. After at least 3 days, the dispensers were attached again, and the procedure was repeated. We conducted the full procedure a total of four times, so that at the end, each colony had experienced each dispenser type once.
Inoculum Acquisition by Bees
Every hour, until 10 h after adding Trichodex † , we counted the number of bees that left each colony during a 2-min interval. In addition, to estimate the density of T. harzianum T39 deposited on the bees, we collected four bees exiting from each dispenser type at 1, 3, 5, 10, 25 and 72 h. The bees were kept in individual 50-mL test tubes at 48C. During each sampling episode, and at 168 h, we also noted whether inoculum was still present in each dispenser. We thus sampled a total of 16 bees (four bees per replicate for each of four replicates) per dispenser type at each sampling interval. In the two-way Peng dispenser, we also sampled between four and eight bees per sampling interval that left from the intended entrance, which were predicted to not carry inoculum, in order to assess the contribution of such bees in dispensing inoculum. In the other two-way dispenser, the Triwaks dispenser, the number of bees that left from the intended entrance was negligible.
For the analysis of T. harzianum T39 CFU, 25 mL sterilized, distilled water supplemented with the surfactant Tween 80 (0.01%) were added into the test tube with the bee. The test tubes were shaken for 1 h on a rotary shaker operated at 110 rpm. Samples of 0.1 mL of 10-fold serial dilutions of the aqueous suspension were spread onto two petri dishes that contained potato dextrose agar growth medium (Difco Laboratories, Detroit). The petri dishes were incubated at 208C for 3 days, and then the number of Trichoderma colonies was counted and the number of CFU of T. harzianum per bee was calculated.
Statistical Analysis
The effect of the various treatments in experiment 1 on the number of bees leaving the hive per minute (bee activity) was analyzed by paired t -tests. In experiment 2, the effect of dispenser type and time from inoculum introduction on bee activity was analyzed by repeated-measures MANOVA. The reported probability values are based on univariate adjusted Geisser-Greenhouse degrees of freedom (JMP v.5, SAS Institute, Inc., Cary, NC). Emptying time (sampling interval) of dispensers of inoculum was analyzed by a chi-square test. Observations of T. harzianum CFU on bees exiting the various dispensers were analyzed by ANOVA on the log transformed CFU values. Least squares means contrasts where used to compare effects of dispenser types.
RESULTS
Experiment 1
The mean (9/SE) baseline number of bees leaving the hives (N0/16), before addition of the dispensers, was 33.99/3.2 bees per minute. The number of bees leaving the hive was not affected by the addition of the empty dispensers of the tub (t0/ (/0.24, NS) and Triwaks (t 0/ (/1.24, NS) types, but was reduced significantly by the Harwood type (t0/ (/3.21, P 0/ 0.025) and markedly by the Peng type (t0/ (/6.09, P 0/0.005, Figure 2 ). Loading the dispensers with Trichodex † significantly decreased (t B/ (/2.68, P 5/0.05) the number of bees that left the hives 1 h later for all dispenser types except the Peng (t0/ (/2.1, NS).
The combined effect of dispenser and inoculum was a reduction in bee activity that was measured 1 h later. The effect was significant (t B/ (/2.39, P 5/0.05) for all dispensers except the Triwaks type (t 0/ (/1.98, NS). The effect of inoculum was much reduced after 24 h, and bee activity was similar to that with an empty dispenser (t / (/1.65, NS).
Experiment 2
Frequency of bees exiting the hives that were not fitted with dispensers exhibited a typical Mediterranean daily summer pattern with frequences that were high in the morning, decreased from late morning to mid afternoon, and increased again in the late afternoon (Figure 3 ). Bee activity of hives fitted with loaded dispensers was initially lower than in the control hives not fitted with dispensers. There was a difference between dispenser types in their effect on bee activity (Dispenser: F0/3.31, df0/3,28, P 0/0.034), and activity changed over the day (Time: F0/9.8, df 0/3.7,104, P B/0.0001), though not uniformly for all dispensers (Dispenser )/Time: F0/3.62, df 0/11.1,104, P 0/0.0002). Activity in the one-way dispensers increased after a few hours, while in the two-way dispensers activity levels remained relatively constant.
There was a difference between dispensers in the length of time that inoculum remained in the apparatus (Figure 4 , x 2 0/24, df0/29, P 0/0.005). The two-way dispensers retained inoculum longer than the one-way dispensers (x 2 0/18, df0/29, P 0/0.0005). Trichodex † powder was present in all the replicates with all four dispenser types up to 5 h after adding the inoculum. The first to become empty was the Harwood dispenser, in which six of eight replicates had emptied by 10 h. One week after adding the inoculum, all replicates of all dispenser types were empty. The counts of T. harzianum levels revealed that fungal propagule acquisition on bees from the control colonies was almost nil (Figure 5 ). There were differences in mean fungal levels between dispenser types (Dispenser: F 0/26.1, df0/3,375, P B/0.0001), with a general decrease with time (Time: F 0/630, df 0/1,375, P B/0.0001), but different for the various dispensers (Dispenser )/Time: F 0/4.8, df 0/3,375, P 0/0.003). Contrasts showed that the mean CFU values of bees exiting the two-way dispensers were greater than those exiting the one-way dispensers (F 0/58, df 0/1,375, P B/0.0001). Between the two-way dispensers, the Triwaks dispenser had greater values than the Peng type (F 0/17.7, df 0/1,375, P0/0.0002). There was no difference between the two one-way dispensers (F 0/2.43, df0/1,375, P 0/0.12).
FIGURE 2. Effects of four types of inoculum dispenser and presence of Trichodex
† inoculum in the dispensers, on the number of bees leaving the hives. ND, no dispenser; ED, empty dispenser; LD 1 and LD 24, dispensers loaded with inoculum 1 and 24 h, respectively, before bee counts were made (Bar 0/SE).
As anticipated, bees collected leaving the entrance opening (not the intended exit) of the Peng dispenser had very low Trichoderma CFU values (Figure 5).
To assess the relative overall performance of the various dispensers, we calculated the compounded effect of bee activity and Trichoderma per bee, as CFU output per bee colony per minute. We multiplied the mean T. harzianum level per bee of the four bees collected at each interval from each dispenser type times the mean bee activity at that time in the two bee FIGURE 4. Percent of replicates in which dispensers were empty from preparation at several sampling periods for the four dispenser types in experiment 2. differences between dispensers (Dispenser: F 0/27.7, df0/3,59, P B/0.0001), with a general decrease with time (Time: F 0/129, df 0/1,59, P B/0.0001). Contrasts showed that the mean values of Trichoderma levels per colony per minute from the two-way dispensers were greater than those from the one-way dispensers (F 0/54.4, df 0/1,59, P B/0.0001). Between the twoway dispensers, the Triwaks dispenser had greater values than the Peng type (F0/18.4, df 0/ 1,59, P B/0.0001), and the Harwood dispenser had greater values than the tub (F 0/10.3, df0/1,59, P 0/0.002).
DISCUSSION
In this study we compared the performance of four models of inoculum dispensers that can be used in biocontrol. Three of the models have been in use previously (as inoculum and/or pollen dispensers), and the fourth, Triwaks dispenser, has been recently developed and tested as an inoculum dispenser for the first time here. An effective dispenser is one that dispenses large quantities of inoculum onto a large number of bees over a long time.
In assessing the effect of dispenser on bee activity, we distinguish between the effect of the dispenser itself, and that of the inoculum presence in the dispenser (Figure 2 , empty versus before installation). All dispenser types that we tested tended to reduce the number of bees leaving the hive. The effect was not significant for the tub and Triwaks types, but was significant for the other two types. The greatest reduction in the number of bees leaving through the intended exit was observed in the Peng dispenser; these bees are the potential inoculum carriers. The overall activity of the colony may not be so greatly affected by the Peng dispenser, since a large number of bees continuously exit through the intended entrance (Figure 3) . However, since these bees carry minute amounts of inoculum ( Figure 5 ), their contribution to inoculum dissemination is negligible. Others working with the Peng dispenser (Peng et al., 1992; Butt et al. 1998) have not reported a problem of bees exiting through the intended entrance. The bottom of the model we built did not include the diamond-shaped maze shown in Butt et al. (1998) , which may affect the behavior of the bees.
Loading inoculum initially tended to further reduce bee activity in all dispensers (Figure 2 , LD 1 versus ED). Overall, the initial combined effect of dispenser and of inoculum on the number of bees leaving through the intended exit (Figure 2 , LD 1 versus ND), was a reduction in between 37 and 93% of the mean 34 bees/min leaving the colonies before installation of dispensers in experiment 1. Similarly, in experiment 2 the reduction 1 h after inoculum loading relative to control colonies without dispensers was between 67 and 81% ( Figure 3 ). The effect of inoculum on bee activity was greatly reduced after 24 h (Figure 2 , LD 24 versus ND), as much of the inoculum had either been dispersed, or inoculum-free passages were formed thus reducing the initial blocking effect of inoculum.
In the early hours after inoculum loading, bee activity was reduced in all dispensers relative to control colonies without dispensers. In the two-way dispensers, bee activity remained relatively constant throughout the day, but in the one-way dispensers, bee activity increased after about 5 h (Figure 3 ). In the two-way dispensers inoculum is spread over a relatively larger area than in the one-way dispensers, in which inoculum is constricted to a narrow slot. Thus, in two-way dispensers bees are in greater contact with inoculum than in one-way dispensers. Furthermore, in one-way dispensers, bees tend to open passages through which bee activity is concentrated, allowing for high thoroughfare. A similar effect has been reported for pollen dispensers (Legge, 1976) . The consequence of such passages and of lesser contact with inoculum, is a significantly greater reduction in the Trichoderma load per bee in the one-way dispensers ( Figure 5 ). In particular, bees collected leaving the Triwaks dispenser had significantly higher Trichoderma levels than those leaving from the other dispensers. The difference between the one-and two-way dispensers was apparent already at the first sampling, 1 h after inoculum loading.
Our study is the first to follow the bee-dusting pattern of inoculum throughout the day. An important finding is that there is a significant effect of time of sampling after inoculum loading on the amount of inoculum per bee. Similarly, Thomson et al . (1992) found an order of magnitude decline in inoculum level per bee between 1 and 24 h after loading inoculum (Pseudomonas fluorescens and Erwinia herbicola ). The Trichoderma level per bee was greatly reduced by 25 h after loading the inoculum, and almost nil by 72 h (Figure 5 ). Thus, in order to be effective, the dispensers that we tested would need to be loaded frequently. Bees leaving the Triwaks dispenser had 1.5 )/10 5 CFU of Trichoderma 1 h after inoculum loading, and still maintained relatively high levels of 3.9 )/10 4 after 10 h. Thus, daily loading would probably suffice with this dispenser. But the Trichoderma levels of bees leaving from the other dispensers fell to below 2)/10 4 by 10 h, and more frequent loading would be necessary. Part of the decline could have been related to a decline in the viability of the fungus. However, in an independent study we found that such a decline in Trichoderma viability during the course of a day is not significant (Elad, unpublished) . Yu and Sutton (1997) and Peng et al . (1992) used the Peng dispenser to disseminate Gliocladium roseum inoculum. The first authors found an average of 3.0)/10 5 CFU of Gliocladium per bee, and the second ones found between 9 and 180)/10 4 CFU of Gliocladium per bee. However, their results cannot be compared with ours, since neither study reports the amount of inoculum that was loaded. Furthermore, Peng et al . (1992) loaded the dispensers in the evening and collected the bees the next morning. Yu and Sutton (1997) do not provide the time between loading and bee collection. The tray applicator device for dispersing Trichoderma inoculum (T. harzianum 1295-22) to strawberry flowers developed by Kovach et al . (2000) was able to maintain ca 1)/10 5 Trichoderma CFU per bee 1 week after inoculum application. Since Kovach et al . (2000) do not describe the dispenser that they used, nor the amount of inoculum loaded in the dispenser, we cannot compare their dispenser with those that we tested. However, their results suggest that by loading greater amounts of inoculum, it may be possible to extend the intervals between loading.
In our study, since we wanted to compare between the different dispenser types, we were constrained in the amount of inoculum to load by the maximum amount that could be loaded in the dispenser that would be blocked most easily (Legge, 1976) . In general, the oneway dispensers are more limited in the amount of inoculum that they can accommodate without blocking the activity of the bees. In practice, the Triwaks dispenser could be loaded by greater amounts of inoculum, which may allow less frequent loading.
In order to compare the relative effectiveness of different dispensers, it is important to compare them simultaneously, using colonies of the same strength, with the same source and quantity of carrier and inoculum. In previous studies, it was difficult to judge the relative effectiveness of the dispensers used, because some of the factors that are likely to affect their performance were not measured. Our study is the first to compare dispenser types under uniform conditions. We found that two-way dispensers are generally more effective, and that the architecture of the Triwaks dispenser, specifically, allowed for dispensing greater amounts of inoculum over a longer time. Considering both the number of bees that exit the colony and the average amount of inoculum they carry, we found that 1 h after loading inoculum in the dispensers, the two-way dispensers disseminated ca. 3.4 times more inoculum than the oneway dispensers. The Triwaks dispenser continued to disseminate ca. 2 Á/2.6 times more inoculum than the other three dispensers throughout the day.
In the current study we present a reliable method to compare the overall ability of different dispensers to disseminate inoculum by honey bees. Such comparative studies are needed to establish a baseline for assessing the relative effectiveness of the technique of dispensing biocontrol agents using honey bees.
